oxidants) is mainly domain of growers who use environmentally friendly cultivation methods that include the integrated way of agriculture. The aim of this work was to evaluate the content of TGA, α-chaconine and α-solanine in new purpleand red-fleshed cultivars, as well as in traditional yellow-and white-fleshed potatoes cultivated in integrated agriculture. Another goal was to find to what extent the GA content of cultivars with different flesh colours is influenced by location conditions, year of cultivation and flesh colour.
MATERIAL AND METHODS
Plant material. Potato tubers for chemical analyses were grown in the 2012 and 2014 in the Czech Republic in field trials with four replicates on two locations at different altitudes. In the location Prague -Uhříněves (298 m a.s.l., soil type Luvisol) the experiment was carried out at the Research Station of the University of Life Sciences in Prague and in the Valečov location (460 m a.s.l., soil type acid Cambisol) at the Experimental Station of the Potato Research Institute Havlíčkův Brod. Weather conditions in both locations in experimental years are given in Table 1 . In the trials, a total of 16 cultivars were assessed -control yellow-fleshed cv. Agria, 9 cultivars with purple-and 5 cultivars with red-fleshed tubers and white-fleshed cv. Russet Burbank. Potatoes at both locations were cultivated with practically identical integrated technologies, environmentally friendly (without the use of herbicides and mineral nitrogen fertilizers). At both locations, 30 t/ha manure was incorporated into the soil in the autumn, and in the Valečov location according to the results of soil analyses 400 kg/ha Patenkali (i.e. 96.3 kg K/ha and 24 kg Mg/ha) were added. Weed control at both sites was ensured by mechanical cultivation from planting to standing plants in rows. To control the Colorado potato beetle, two sprays were performed on the Uhříněves location with Spintor (active compound: spinosad − a mix of spinosyn A and spinosyn D in the 17:3 ratio, 0.15 L/ha). Protection against potato late blight consisted here of three sprays of preventive preparation Flowbrix (copper oxychloride, 2.3 L/ha). Valečov was the cooler region and in experimental years, beetle did not extend and protection against potato late blight was ensured only with three fungicides sprays (two times with Infinito 1.6 L/ha, one time with Revus (active ingredients: mandipropamid and difenoconazole, 0.6 L/ha). The experimental crops were not damaged with potato late blight at either of the two sites. After harvest, fresh tubers were analysed for the GA content.
Determination of glycoalkaloids by high performance liquid chromatography with electro- Mass spectrometric detection of positively charged ions was performed by selected multiple reaction monitoring mode using ion transitions as follows: quantification: α-chaconine 852.6 > 98.2; α-solanine 868.6 > 98.1; confirmation: α-chaconine 852.6 > 380.4; α-solanine 868.6 > 398.5. The applied experimental conditions were as follows: temperature 650°C; ion spray voltage 5500 V; curtain gas 30 psi; collision gas medium; nebulizer gas 60 psi; turbogas 60 psi. Characterization of weather conditions. The characteristics of weather conditions in years of experimental cultivation (2012−2014) are given in Table 1 . The year 2012 was characterized by warm and exceptionally dry weather in the vegetation period, while the years 2013 and 2014 were characterized by lower temperatures and higher sums of total precipitation in a period April−September.
Statistical analysis. The obtained results were statistically evaluated by the analysis of variance (ANOVA). The differences between average values were evaluated by the Tukey's HSD (honestly significant difference) test in the SAS computer program (SAS Institute, version 9.4., Carry, USA) at the level of significance P = 0.05.
RESULTS AND DISCUSSION

Glycoalkaloids content
Influence of cultivar and flesh colour. The content of glycoalkaloids in the flesh of tubers varied for α-solanine from 10.39 to 77.01 mg/kg FM, α-chaconine from 19.14 to 90.76 mg/kg FM and TGA 33.69 to 167.77 mg/kg FM (Table 2) . Importantly, the TGA content did not exceed 200 mg/kg FM for any cultivar (equivalent to roughly 1000 mg/kg dry matter, assuming a water content of 80%), which is considered to be hazardous to human health (Tajner-Czopek et al. 2012 , Petersson et al. 2013 . The TGA contents found by us are in line with other literature data, which also indicates a significant variability in TGA ranges among cultivars. Valcarcel et al. (2014) indicated a range from 4 to 957 mg/kg dry matter (DM), Friedman et al. (2003) from 5 to 592 mg/kg DM, Deusser et al. (2012) from 7 to 466 mg/kg DM and Petersson et al. (2013) indicated normal ranges between 5 and 100 mg/kg FM.
The ratio of α-chaconine to α-solanine content varied in the present experiments from 1.18 to 3.78 (Table 2 ) and in all samples a higher α-chaconine content was found in comparison with α-solanine content in the flesh of tubers. Friedman et al. (2003) in their experiment with eight cultivars found the ratio of α-chaconine to α-solanine greater than 1 in all cases, Deusser et al. (2012) found the range of ratios 0.83−2.38. On the other hand, Valcarcel et al. (2014) reported α-chaconine to α-solanine ratio range between 0.3−3.1, with higher levels of α-chaconine found in 4 to 30 cultivars out of the total of 60 cultivars, depending on location and the year of cultivation.
In our experiments, the cultivar proved to be the factor that has the greatest impact on the TGA content. Among 16 evaluated cultivars, on average of three years on two locations, a number of evidence of TGA differences was determined, regardless of the colour of the flesh (Table 2) . The highest α-solanine content was found in the cv. Bora Valley (77.01 mg/kg FM, purple-fleshed) in the Valečov location, which reached 1.56 to 7.41 times higher values than the other cultivars. In the case of α-chaconine content, the highest content (90.76 mg/kg FW) achieved the same cultivar on the same location (1.23 to 4.74 times higher than in the other cultivars). A significant effect of genotype on α-solanine and α-chaconine levels was reported by Valcarcel et al. (2014) and by the other authors cited above in relation to the knowledge of the ratios of α-chaconine to α-solanine content.
Results in the present study also show a decisive influence of the genotype of cultivars with different flesh colour on the TGA content (Figure 1 (Lachman et al. 2013 , Amer et al. 2014 , Gugała et al. 2016 . The average TGA content for the period of three years and both locations was not significantly affected by the colour of tubers pulp (Table 3) . However, a trend (the inconclusive difference) to the highest TGA content in red-fleshed cultivars was found, where it reached 1.09 times higher values in comparison with the control cv. Agria, 1.27 times higher in the group of cultivars with purple flesh and 1.41 times higher content in the white-fleshed cv. Russet Burbank. In a detailed analysis of the results, it may be concluded that within the group of coloured-flesh cultivars, the TGA content of each individual cultivar is decisive. Evidence for this statement is the fact that in a group of five red-fleshed cultivars the differences in TGA levels between individual cultivars were very significant and in all cases conclusive (Figure 1) . A similar finding was also reported in a group of nine purple-fleshed cultivars, where only in one case the difference in TGA levels between cultivars did not exceed the limit of statistical significance. The TGA content in tubers of three red-fleshed cultivars and four blue-fleshed cultivars was evaluated by Tajner-Czopek et al. (2012) , where they found a significantly higher TGA (on average by 8%) in red-coloured cultivars. In contrast, Rytel et al. (2013) found a higher TGA in blue-fleshed cultivars in a similar experiment. These two contradictory results support our understanding of the dominant influence of the genotype on TGA content compared to the flesh colour.
Influence of the location. The location significantly affected TGA and individual glycoalkaloids (Table 2 ). In the average of three years and 16 experimental cultivars, significantly higher TGA, α-solanine and α-chaconine contents were found in tubers from the Uhříněves location (TGA 1.21 times, α-solanine 1.16 times, and α-chaconine 1.25 times higher) in comparison to the Valečov location. In a more detailed assessment of the difference of the TGA content among different cultivars, it was found that at the Uhříněves location, a higher TGA content in 13 cultivars, α-solanine in 11 cultivars and α-chaconine in 12 cultivars was found than in at the Valečov location. Thus, it is evident that the effect of location on the TGA content is cultivar-specific. Differences in TGA levels between locations are likely related to their climatic and soil conditions. At the Uhříněves location, higher TGA accumulation in the tubers was promoted by a warmer and drier climate in comparison to the Valečov location (Table 1) where more frequent drought stresses were observed, which corresponds to the findings of Bejarano et al. (2000) . In terms of soil conditions, the higher content of TGA in Uhříněves can be supported by the heavier clay soil (in Valečov sandy loams prevail), as Haase (2010) attributed the differences between glycoalkaloids content from different locations to the soil characteristics, associating the loamy soil with higher levels of glycoalkaloids.
Influence of the year of cultivation. Year of cultivation influenced the TGA content in tubers in both locations, however each in a different way (Table 4 ). In Uhříněves (298 m a.s.l., significantly warmer location compared to Valečov), the highest content of TGA and also α-chaconine was found in 2012, which was characterized by warm and particularly dry weather in the vegetation period in comparison with other years; a very dry month was mainly September, but also May and June (Table 1) . The highest TGA content in Uhříněves in 2012 was probably due to the drought stress during some vegetation periods. On the other hand, the highest TGA, α-solanine and α-chaconine contents were found in Valečov (460 m a.s.l.) in 2013; in this location, the year 2013 was the coldest and most rainy and the average temperature during the vegetation period was lower in comparison with Uhříněves by 2.3°C (Table 1) . The highest TGA content in 2013 thus seems to be related to cold and water stress. In Uhříněves, cold (June and September) and rainy (June) weather was reported only in some phases Valcarcel et al. (2014) and Bejarano et al. (2000) . In contrast, in experiments provided by Gugała et al. (2017) , weather conditions in experimental years had an insignificant influence on GA levels in potato tubers. It is difficult to determine the exact causes of increased GA accumulation in tubers, but many authors agree that the synthesis of GA is related to stress in general, during both growth and storage (Petersson et al. 2013 , Valcarcel et al. 2014 , Mekapogu et al. 2016 . Papathanasiou et al. (1999) reported that heat stress increases the glycoalkaloid content, with various results reported for low temperatures. Drought stress seems to increase the GA content as well, whereas the excess of water has the same effect only at low temperatures during later stages of development (Papathanasiou et al. 1999 , Bejarano et al. 2000 . Cold and wet periods during summer were also associated with higher levels of glycoalkaloids (Haase 2010 , Valcarcel et al. 2014 ).
